3-Hydroxybutyrate dehydrogenase was studied in 14 Rhizobium strains representing six species. Cell-free extracts of the bacteria were subjected to electrophoresis in starch or polyacrylamide gels and 3-hydroxybutyrate dehydrogenase was located in situ on the gels. Also, the rate of reaction of the enzyme, from different Rhizobium strains, with NAD was compared with its rate of reaction with various analogues of NAD. Most of the Rhizobium strains ' had characteristic 3-hydroxybutyrate dehydrogenase patterns on gel electropherograms and these patterns were highly reproducible. Multiple forms of 3-hydroxybutyrate dehydrogenase were detected in many of the Rhizobium strains.
Preparation of ceZ2-free extracts. Suspensions of bacteria and bacteroids (I g. organisms/1*5 ml. buffer) were disrupted for 2 min. at a temperature less than 5" in 0.05 M-phosphate buffer (Na,HPO, + NaH2P03, pH 7-6, with an M.S.E. sonic disintegrator. HBDH was also extracted from organisms by grinding with alumina in 0.05 M-phosphate buffer (PH 7'6) for 30 min. at 4O. After disruption, the suspension was centrifuged for go min. at 35,ooog at oo and the clear supernatant used for enzyme assays and electrophoresis. Approximately 85 % of the total cellular HBDH activity was present in the supernatant after centrifugation.
Assay of HBDH. Enzyme activity was estimated spectrophotometrically at 340 mp as described by Bergmeyer et al. (1967) . Specific activity was expressed in international units per mg. protein (Bergmeyer, 1965) . Protein was estimated by the biuret reaction (Gornall, Bardawill & David, 1949) . Electrophoresis. Polyacrylamide gels, containing 5.5 % (w/v) polyacrylamide were prepared with 0.05 M-tris + glycine buffer (PH 8-4)in 6 x 64 mm. glass tubes as described by Davis (1964) . Vertical starch gels were prepared with 14% starch (Connaught Laboratories, Toronto) in 5 mM-tris + maleate buffer (PH 8.4) (Smithies, 1959). Occasionally starch gels were prepared in 5 mwtris + maleate buffer (PH 7-4).
Extracts were assayed for HBDH before being added to the gels. Depending on the activity of the extract, 20 pl. to 30 pl. was added to polyacrylamide gels and 40 pl. to 50 pl. to vertical starch gels. In a typical experiment a 20 pl. sample of extract contained 12 mg. protein and 0.32 i.u. of HBDH per ml.
For polyacrylamide gels, 50 v was applied for go min. which gave 2.5 m.amps per glass tube. Vertical starch gel electrophoresis was carried out at 4 v per cm. of gel for 16 to 20 hr.
After electrophoresis, the enzyme was located by immersing the gels in a solution containing the following reagents : About 20 min. at 37" was usually allowed for development of the gels and after staining was completed starch gels were stored in the dark in methanol+acetic acid + water (5 + I + 5) and polyacrylamide gels in 7-5 % (v/v) acetic acid.
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For detecting non-specific proteins, starch gels were stained with Coomassie Blue (G. T. Gurr Ltd., London) for 15 min. and then rinsed in methanol + acetic acid + water (5+ I +5). Coomassie Blue was more efficient than Naphthalene Black IOB for revealing protein bands.
Coenzyme analogues. The rate of reaction of HBDH from different Rhizobium strains was measured with NAD and with various analogues of NAD. The ratio of the rate of reaction with NAD/coenzyme analogue was determined for the following analogues : Acetylpyridine NAD, Pyridinealdehyde NAD, Deamino NAD and Acetylpyridine Deamino NAD (Sigma Chemical Co.). 
Extracts were separated by vertical starch gel electrophoresis at pH 8-4. Strain 1001 was used as a reference strain and the mobilities of the other bands were expressed as a fraction of the mobility of band j of 1001, which was given an arbitrary value of I. Each figure represents a mean measurement for three separate extracts. ** Bacteroids isolated from nodules of soybeans inoculated with either 311b5g or 392.
RESULTS

HBDHpatterns of Rhizobium strains. A qualitative comparison of HBDH from
14 Rhizobium strains by polyacrylamide gel electrophoresis showed that various degrees of complexity existed in the HBDH patterns of different strains. Multiple forms of HBDH were detected in several strains, e.g. strains 7, 1001 and 392. Vertical starch gel electrophoresis, at pH 8-4, was used to compare electrophoretic mobilities 19-2 of major bands because it was possible to compare ten extracts under identical conditions. Strain 1001 was used as a reference strain and the electrophoretic mobility (distance in cm. from the origin) of the most rapidly migrating band of HBDH from this strain was given an arbitrary value of I. Mobilities of major HBDH bands from extracts of other strains were expressed as a ratio of this value ( Table 2) . The values obtained for relative mobilities of HBDH bands, by this procedure, were very reproducible when different extracts of a given strain were compared. The data in Table 2 also showed that individual Rhizobium strains had characteristic patterns although strains of Rhizobium trfolii (e.g. 4 and 7) and R. leguminosarum (e.g. 1003) showed some resemblance to each other. It was also interesting that the HBDH patterns of strains 392 and 3 I 1b59 persisted in bacteroids isolated from soybean nodules. Results similar to those in Table 2 were also obtained when extracts from Rhizobium strains were compared at pH 7-4 instead of pH 8-4, with the exception that extracts of strains 392 and 31 1b59 were difficult to separate at pH 7.4. Protein patterns of individual Rhizobium strains, in contrast to HBDH patterns, did not show a similar degree of strain specificity. Coenzyme analogues. The values of the ratios for the rates of reaction with NAD and with three coenzyme analogues, for HBDH from different Rhizobium strains, are given in Table 3 . These analogues were active with HBDH from all the Rhizobium strains whereas deamino NAD was inactive with enzyme from several strains. In some instances, however, the rates of reaction with the analogues were relatively low, e.g. Rhizobium lupini, strains 3002 and 3206 (Table 3 ). In common with the electrophoresis results, each Rhizobium strain had characteristic values for the coenzyme analogue ratios. In view of the similarity of the electrophoresis patterns of some strains of R. leguminosarum and R. trifolii it was interesting that one strain from each of these species (i.e. 1003 and 7) had very similar coenzyme analogue ratios. Other workers have also detected similarities between some strains of R. trifolii and R. leguminosarum
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by serological tests (Graham, 1963) , DNA homology tests (Heberlein, De Ley & Tijtgat, 1967) and numerical analysis (Graham, 1964 ; 'tMannetje, I 967).
DISCUSSION
Gel electrophoresis of soluble proteins followed by histochemical methods for locating enzymes in situ on gels is becoming an increasingly popular method for characterizing micro-organisms (Cam & Willox, 1965 ; Williams & Bowden, 1968 ; Peberdy & Turner, 1968) . Kaplan and co-workers (Kaplan, 1963) have also shown that coenzyme analogues can be used to compare functionally similar enzymes in different strains of the genus Bacillus and of the Enterobacteriaceae. These present results show that gel electrophoresis and coenzyme analogues can be used to compare HBDH from different Rhizobium species. Although only 14 Rhizobium strains were studied, interesting findings emerged on the relationship between some strains of R. trifolii and R. leguminosarum.
HBDH electrophoresis patterns together with coenzyme analogue ratios could be useful procedures for characterizing micro-organisms which contain poly-3-hydroxybutyric acid. The polymeric ester of D ( -)3-hydroxybutyric acid is the principal storage product in a wide variety of bacteria (Dawes & Ribbons, 1964) including nitrogen-fixing bacteria and blue-green algae (Carr, 1966) . HBDH is one of the enzymes responsible for the conversion of poly-3-hydroxybutyrate to utilizable cell material (Shuster & Doudoroff, 1962) . In some Rhizobium species where poly-3-hydroxybutyrate can account for 40% of the dry weight of the bacteria (Hayward, Forsyth & Roberts, 1959; P. F. Fottrell and A. O'Hora, unpublished) , the polymer probably serves as a source of energy and reducing power during nitrogen fixation (Klucas & Evans, 1968) .
Although multiple forms of HBDH probably exist in Rhizobium great care was taken to avoid some of the artifacts which can arise in studies of this nature (Kaplan, 1968; Heidrich, 1968) . For example, it was possible that multiple forms of HBDH might result from the formation of disulphide bridges in the enzyme molecule during the extraction procedure. However, identical electrophoresis patterns were obtained when Rhizobium strains were extracted by different procedures in the presence and absence of mercaptoethanol.
The physiological significance of the multiple forms of HBDH in Rhizobium is not known at present. Five forms of HBDH were found in extracts of human brain by Van der Helm (1962) and recently in a heterozygote of Paramecium aurelia by Tait (1968).
